This work focused on the assessment of plant virus occurrence among primitive and higher plants in the Antarctic region. Sampling occurred during two seasons (2004/5 and 2005/6) at the Ukrainian Antarctic Station 'Academician Vernadskiy' positioned on Argentina Islands. Collected plant samples of four moss genera (Polytrichum, Plagiatecium, Sanionia and Barbilophozia) and one higher monocot plant species, Deschampsia antarctica, were further subjected to enzyme-linked immunosorbent assay to test for the presence of common plant viruses. Surprisingly, samples of Barbilophozia and Polytrichum mosses were found to contain antigens of viruses from the genus Tobamovirus, Tobacco mosaic virus and Cucumber green mottle mosaic virus, which normally parasitize angiosperms. By contrast, samples of the monocot Deschampsia antarctica were positive for viruses typically infecting dicots: Cucumber green mottle mosaic virus, Cucumber mosaic virus and Tomato spotted wilt virus. Serological data for Deschampsia antarctica were supported in part by transmission electron microscopy observations and bioassay results. The results demonstrate comparatively high diversity of plant viruses detected in Antarctica; the results also raise questions of virus specificity and host susceptibility, as the detected viruses normally infect dicotyledonous plants. However, the means of plant virus emergence in the region remain elusive and are discussed.
Introduction
Our interest in virus infections in the Antarctic environment has been stimulated by the opportunity to participate directly in the work of the Ukrainian Antarctic expedition, and was primarily based on: (1) virus infections of animals (birds and seals) as well as viral respiratory diseases of humans (although perhaps introduced artificially) were recently detected in Antarctic and sub-Antarctic regions; (2) plant virus-like nucleotide sequences were identified in the permafrost, and the first plant virus infecting a vascular plant in Antarctica has been described (and the insect vector suggested); (3) nucleotide sequences closely related to known algae viruses have been detected in seawater samples from the sub-Antarctic region; and (4) both primitive (mosses, lichens) and higher plants (monocots) are represented in this region.
Recently, extensive research was devoted to the discovery of virus infections of animals inhabiting mainly the subAntarctic region and lateral zone. Virus diseases of Antarctic birds, including penguins and gulls, have been described (Morgan & Westbury, 1981; Gauthier-Clerc, 2002) , as well as those of seals (La Linn et al., 2001; Pearce & Wilson, 2003) . In addition, experimental studies have been made on Antarctic stations and focused on evidence for virusinduced human respiratory infections (influenza and parainfuenza viruses) and Epstein-Barr virus disease (Austin & Webster, 1993; Tingate et al., 1997; Mehta et al., 2000) .
Recently, a new plant virus has been identified on the subAntarctic Macquarie Island. This bacilli-like virus infects Stilbocarpa polaris plants and belongs to the genus Badnavirus. This was the first proven case of virus infection found on southernmost islands; the pathogen is able to infect higher vascular plants. On the susceptible host, the virus induced yellow leaf mosaics with moderate to severe symptoms. Moreover, an aphid was suggested as a vector serving to transmit this virus under natural climatic conditions (Skotnicki et al., 2002) .
Furthermore, when studying glacial ice from the deep layers of permafrost using PCR methodology, US researchers revealed virus genetic material belonging to tobamoviruses, presumably to Tomato mosaic virus (TMV). Sample analysis also showed genetic material which was further identified as genes (or parts of genes) of some microscopic fungi and bacteria (Ñ astello et al., 1999; Pearce & Wilson, 2003) .
Joint research of colleagues from the universities of British Columbia and Canada uncovered algae virus belonging to the family Phycodnaviridae in samples of Pacific seawater collected near Antarctica. This particular study was also carried out employing PCR. The work revealed sequences similar to the genes of viruses from the families Baculoviridae and Herpesviridae, and the genus Prymnesiovirus (Bird et al., 1993; Short & Suttle, 2002; Rogers et al., 2004) .
Thus far, three major groups of viral pathogens have been reported from Antarctica. Viruses and virus diseases are known to be spread worldwide, and the success of a pathogen depends both on the presence of a susceptible host in the region of interest and on the means of virus delivery to the host. It seemed logical to assume the occurrence of plant viruses on the Antarctic continent.
The working group of the Virology Department at Taras Shevchenko' Kyiv National University has many years of experience in monitoring plant viruses in Ukraine (Polischuk et al., 1998) , and the investigations have mainly focused on the epidemiology and ecology of plant viruses in natural and artificial ecosystems (Polischuk et al., 2001; Shevchenko et al., 2004) . Epidemiology-and ecology-orientated research of plant viruses in Antarctica, as one of the most isolated and ecologically undisturbed regions of the world, thus represents an intriguing and tempting goal. The objective of our explorations was to assess the occurrence and diversity of plant viruses among plants common to the region of Argentina Islands.
Materials and methods

Sampling
Sampling of plant material occurred during two consecutive Ukrainian Antarctic expeditions (2004/5 and 2005/6 seasons) at the vicinity of Ukrainian Antarctic Station (UAS) 'Academician Vernadskiy' (former UK 'Faraday' station) and neighbouring Argentina Islands including Pitterman, Barkhan 1, Barkhan 2, Yalour, Skua, Wienke, Winter and Barselot, and cape Rassmunssen. During both seasons, sampling was carried out at a fixed number of mapped reference sampling points common for the biological units of the expeditions, which allowed more accurate collection of plant material and suitable time-line comparison of the results. The sampling sites are listed in Table 1 .
At all sampling points, Deschampsia antarctica was the only typical higher monocotyledonous plant found. In addition, four moss genera were quite common for virtually any sampling point: Polytrichum, Plagiatecium, Sanionia and Barbilophozia.
As most of the sampling points were of rather small area, we tailored a 'minimized' version of the simplest small-scale sampling scheme for monitoring of plant pathogens in the field following the recommendations of Omelyuta et al. (1986) and Spaar (2004) . The area of the sampling point (normally 1-2 m 2 ) was divided into four to eight equal neighbouring squares making up a geometrically accurate grid (each square about 0.5 m 2 ), and at least one plant sample was collected from each of the squares. Within the limits of any square, sampling was conducted at random. On the whole, at any reference point three to eight samples were collected, depending on the size of the spot and on the plant cover. Collection of more samples was not possible owing to the limiting size of the sampling points and poor plant coverage.
In order to minimize the possibility of cross-contamination, several precautions were taken during the sampling. Sterile gloves were worn when sampling. Whole plants were carefully picked out with a minimum amount of soil using small sterile trowels, place into sterile paper bags and sealed. Plant sample bags were stored at 4 1C in a portable plastic container for 0.5-2 h; the plants were then kept at 10 1C and regularly watered in the sealed bags with autoclaved water under aseptic conditions. Under the same conditions, the samples were subsequently transported from UAS 'Academician Vernadskiy' to the Virology Department in Kiev (Ukraine) for further processing and analysis.
Sample processing
All plant samples were surface-washed with sterile distilled water upon arrival in the laboratory to remove soil residue, and to reduce the possibility of false positive results in further virus detection. Sample processing was conducted under aseptic conditions. From each sample, 1 g of tissue (Hill, 1984) . The clarified extracts obtained were used for further virus diagnostics via an enzyme-linked immunosorbent assay (ELISA), a bioassay employing susceptible diagnostic plants and transmission electron microscopy.
ELISA
Each sample was subdivided into three even aliquots to eliminate possible methodological errors, and these were further treated independently. In order to achieve statistically reliable data, analysis of each sample was repeated three times. Detection of virus antigens was carried out following the standard procedures for indirect and double-antibody sandwich (DAS) modifications of ELISA (Crowther, 1995) . Briefly, for indirect ELISA, 96-well sterile plates (Labsystems) were coated with extracts from the samples (clarified plant sap) and incubated overnight at 4 1C to allow the antigens to adhere to the wells. Then 1% bovine serum albumin (BSA) in 0.1 M PBS, pH 7.4, was deposited and incubated for 2 h at 36 1C to block antigen-free areas of the well in order to reduce nonspecific antibody binding. The virus-specific rabbit polyclonal antiserum was then applied at working dilution (diluted in 1% BSA in 0.1 M PBS, pH 7.4, plus 0.05% Tween-20), and incubated overnight at 4 1C. This was followed by the application of antirabbit goat antibodies conjugated with alkaline phosphatase (Sigma) (diluted to working titre in the above buffer) and subsequent incubation for 2 h at 36 1C. Each step was followed by triple washing of the plates with 0.2% Tween in 0.1 M PBS, pH 7.4.
In the DAS modification, plates were first coated with virus-specific rabbit polyclonal antiserum at working dilution, and then incubated overnight at 4 1C. Samples were then deposited and incubated for 4 h at 36 1C. Subsequently, virus-specific rabbit antibodies conjugated with alkaline phosphatase were applied at working titre. Each step was followed by triple washing.
The last step in both modifications of the ELISA was the application of substrate solution (n-nitrophenyl phosphate) for alkaline phosphatase to visualize positive reaction, and incubation for 25-60 min at room temperature in the dark. The reaction was stopped with 3 M NaOH. Finally, the results were determined as the OD at 405 nm (OD 405 nm ) on an ELISA reader (Dynatech).
For indirect ELISA, we utilized polyclonal rabbit antibodies raised against common strain U1 (van Regenmortel et al., 2000) of TMV, and Cucumber green mottle mosaic virus (CGMMV); these were obtained from the Virology Department of Taras Shevchenko' Kyiv National University. Antisera were examined for their sensitivity and cross-reactivity. Both are characterized by a high working titre (1 : 16 000). Despite the fact that TMV and CGMMV are related, the anti-TMV and anti-CGMMV antisera employed here gave negligibly small positive cross-reactions with CGMMV and TMV, respectively, and permitted easy differentiation between these two viruses (data not shown). However, the possibility of cross-reactivity with closely related strains or even viruses cannot be ruled out entirely. In an indirect modification of the ELISA we also used test systems for Potato virus X (PVX, Potexvirus), Cucumber mosaic virus (CMV, Cucumovirus), Alfalfa mosaic virus (AMV, Alfamovirus) and Tomato spotted wilt virus (TSWV, Tospovirus, Aschersleben).
DAS-ELISA was utilized for detection of the following plant viruses common for cereal plants: Barley yellow dwarf virus (BaYDV, Luteovirus), Barley yellow mosaic virus (BaYMV, Potyvirus), Brome mosaic virus (BrMV, Bromovirus), Brome streak mosaic virus (BrSMV, Rymovirus), Barley mild mosaic virus (BaMMV, Bymovirus) and Soilborne wheat mosaic virus (SBWMV, Furovirus). ELISA test systems for cereal viruses were kindly provided by Dr Thomas Kuehne (Aschersleben). All ELISA test systems undescribed from Aschersleben (both for indirect and for DAS modifications) were tested beforehand for their sensitivity and cross-reactivity at the Institute for Resistance Research and Pathogen Diagnostics (Aschersleben), and were approved for plant virus diagnostic purposes in Germany.
Apart from internal ELISA controls serving to eliminate possible experimental errors, we also used 'negative' (i.e. sap from uninfected plants) and 'positive' controls (i.e. diluted virus preparation) for each virus tested. The result for any experimental sample was considered to be positive if it exceeded at least two-fold the OD 405 nm for the negative control for each successive virus, and if it exceeded the OD 405 nm value of 0.2 (error threshold) (Catty, 1991) .
Transmission electron microscopy
Transmission electron microscopy (TEM) studies were conducted employing standard techniques of negative contrasting for clarified virus preparations on an EM-125 microscope (Sumy). For TEM, copper grids (Sigma) were coated with 0.2% polyvinyl formaldehyde (Serva) in chloroform and dried overnight on filter paper at room temperature. Then the coated grid was deposited in the clarified homogenate of the plant sample, incubated for 2-15 min at room temperature and dried on filter paper for 1 min. Finally, the grid with applied sample was put into the 2% uranyl acetate solution (Serva) for negative contrasting, incubated for 2 min at room temperature and dried for 1 min (Hill, 1984) . Images were taken at magnifications Â 25 000-40 000.
Sap of uninfected plants (clarified as for experimental samples) served as negative controls.
Bioassay Bioassay (i.e. inoculation of diagnostically susceptible plant species with virus and registration of the time of appearance and type of invoked visual symptoms) was carried out in order to check positive ELISA results for some viruses, and to obtain evidence that virus pathogens detected in plant samples may be passed to susceptible indicator plants and may successfully replicate there (i.e. that ELISA detects not only antigens of the virus, but infectious particles). Nicotiana tabacum cv. Immune 580 and Cucumis sativus plants were used as bioindicators for samples shown to be positive for TMV and CMV/CGMMV/TSWV, respectively. Nicotiana tabacum cv. Immune 580 is a tobacco cultivar from the D.K. Zabolotny' Institute of Microbiology and Virology (Kiev, Ukraine), and is characterized by a localized hypersensitive reaction to TMV, which normally develops by 7-8 days postinoculation (dpi) as small, round necroses on the leaves with brown periphery. Cucumis sativus is a common diagnostic plant used routinely in CMV and CGMMV bioassays, and usually responds systemically upon infection with these pathogens. CMV typically induces the appearance of yellow spots on the leaves by 10-18 dpi, which, depending on virus strain, may further develop into necroses. CGMMV invokes mild mosaic of the leaves with alternate dark and light areas (van Regenmortel et al., 2000) .
Indicator plants were inoculated in two upper leaves at the stage of four true leaves by mechanical rubbing of the homogenate obtained from plant samples with carborundum powder. Then, 50-100 mL sap was applied per each leaf (Hill, 1984) . To exclude the possibility that visual symptoms would result from wounding, we also utilized 'negative' control plants in the bioassay. These were inoculated in the same way as above with sterile 0.1 M PBS, pH 7.4.
Statistical evaluation
Statistical evaluation of the results was conducted in MS Excel 2003; SD were calculated and a t-test employed. Each ELISA sample was subdivided into three aliquots, and analysis of each sample was repeated three times. Only those samples which showed 'positive' ELISA results in all aliquots repeatedly were counted as truly positive and considered further. Standard deviations (error bars on the graphs) represent the difference in OD 405 nm between samples collected at a single sampling point and tested for the same virus.
Results and discussion
This work has been primarily focused on the evaluation of plant virus occurrence among primitive and higher plants inhabiting Argentina Islands, Antarctica. Available literature data confirm that there are several animal/human virus infections described for this region, as well as several cases of detection of plant/algae virus genetic material, but only one established example of plant virus infection with subsequent successful passage of the pathogen to another susceptible plant. Therefore, we analysed plant samples utilizing antisera against common plant viruses of economic significance.
At least four moss species (Polytrichum, Plagiatecium, Sanionia and Barbilophozia) were characterized in the region of Argentina Islands where the sampling occurred. However, only one known vascular higher plant species is found in this area -monocotyledonous Deschampsia antarctica. Plant growth on the territory was rather poor; area under plant cover varied from 2 to 10% depending on the point of sampling. As only one higher plant species -a potential host for virus pathogens -was identified, moss samples were also collected with the purpose of their further detection in ELISAs for plant virus antigens.
For analysis of moss samples on plant virus infections, we employed an indirect ELISA technique. As shown in Fig. 1 , TMV-like antigens were detected in samples of mosses collected at sampling points Barkhan 2, and points 36 and 37 on Galindez Island. Note that only samples collected from three sampling points from 13 in total demonstrated a positive result for TMV. The results indicate the presence of TMV or a serologically related virus in mosses belonging to the genera Polytrichum (points Barkhan 2 and 36) and Barbilophozia (point 37).
We also identified CGMMV antigens (or related virus) in Polytrichum samples from Barkhan 2 (Fig. 2) . Samples from points 34, 35, 37 and 38 were also positive for CGMMV in ELISA. However, owing to the proximity of their respective OD 405 nm values to the ELISA error threshold level (OD 405 nm = 0.2), these samples were not considered, and hence only samples from the single sampling point Barkhan 2 were counted as CGMMV(-like)-positive. Thus, the data presented illustrate the occurrence of antigens of TMV and CGMMV (or closely related viruses) of the genus Tobamovirus, viruses typically infecting dicotyledonous angiosperms, in the primitive plants (mosses) of Antarctica. We had not anticipated obtaining positive ELISA results for two viruses (or their relatives) of higher plants simultaneously, TMV and CGMMV. Even allowing that TMV is ubiquitous in the majority of ecosystems, and may have been brought by humans to these islands (regardless of its ability to survive/replicate in mosses), CGMMV is known to be characteristic to greenhouses, not to the open farmland (Wang & Stubbs, 1994; Moreno et al., 2004) . CGMMV invokes severe virus infection and yield losses in the greenhouse, but has not yet been shown to spread widely in natural ecosystems owing to its biological properties. The presence of this tobamovirus (normally infecting dicots) in mosses was thus quite unexpected. However, assuming that these two viruses were brought to the sampling sites by humans, other vertebrates or invertebrates, and could replicate in mosses, they might be transmitted further by means not involving a vector (i.e. mechanically).
CGMMV-like virus was detected in Polytrichum at sampling point Barkhan 2, the sampling point where TMV-like antigens were identified in the same 'host' plant. Despite the low cross-reactivity registered for both anti-TMV and anti-CGMMV antisera, it is probable that at sampling point Barkhan 2 the two antisera were indicative of the same pathogen, more or less equally related to TMV and CGMMV.
Nevertheless, the precautions taken during sampling and processing of plants, as well as the controls utilized in the analysis, affirm the reliability of the results. We are confident that the positive TMV and/or CGMMV detection (and detection of any related virus) could not have resulted from sample contamination with epiphytes, as the samples were washed, and the sensitivity of the ELISA technique would not allow detection of viruses present on/in epiphytes.
To the best of our knowledge there are no viruses of angiosperms that are able to infect primitive nonvascular plants, e.g. mosses, under natural conditions. In other words, no plant virus has been isolated (and identified and subsequently passed on to a susceptible higher diagnostic plant) from a nonvascular plant growing in the wild. However, in their experimental work Akita & Valkonen (2002) revealed a novel gene family in moss (Physcomitrella patens) showing high homology and phylogenetic relationship with the TIR-NBS class of plant disease resistance genes (R genes). Protein products of plant R genes serve to identify matching microbial agents (biochemical compounds of fungi, bacteria and viruses) and consequently induce the activation of specific and broad-spectrum plant defences (Martin et al., 2003) . As the majority of plant R genes conferring resistance to viruses belong to the TIR-NBS and CC-NBS classes (Soosaar et al., 2005) , in contrast to R genes for fungi and bacteria, the data of Akita & Valkonen (2002) may be indirect evidence for the requirement of mosses to attain resistance mechanisms against virus pathogens (i.e. that mosses may encounter viruses able to infect them in the wild). Moreover, Hühns et al. (2003) established a system to inoculate gametophores of Physcomitrella patens (Hedw.) B.S.G. with TSWV artificially in the laboratory. In an elegant set of experiments, the authors revealed that following mechanical inoculation of the moss, the virus-encoded N nucleocapsid protein was detected in gametophores harvested at 11 and 29 dpi, and virus nonstructural NSm movement protein was observed by 29 dpi. The detection of both viral proteins was carried out using ELISA and western blotting techniques, assuming that P. patens actually supported multiplication of TSWV virions (Hühns et al., 2003) . Although these results were obtained under laboratory conditions, they clearly indicate the ability of moss cells to support plant virus replication. However, the question of how plant viruses may invade moss cells in nature remains unexplained. Hence, our detection of TMV and CGMMV in Polytrichum and Barbilophozia moss samples should not be rejected merely because of a lack of previous supporting data.
Specimens of Deschampsia antarctica plants collected in 2005 and 2006 following the 10th and 11th Ukrainian Antarctic Expeditions on Argentina Islands were also analysed. Monocot D. antarctica (Antarctic hair grass) is one of two flowering plants native to Antarctica, and is the only higher plant growing in the region of Argentina Islands. This plant species remains seriously underinvestigated in terms of virus infections, mainly because it is economically of no importance. Only scarce data exist on virus-host relationships for this plant and its relatives. In particular, Deschampsia caespitosa, a relative of D. antarctica inhabiting natural ecosystems of the Northern Hemisphere and adapted in Australia, was shown to be invaded by a typical cereal BaYDV in Australia (online version of Virus Taxonomy, http://www.ncbi.nlm.nih.gov/ICTVdb). As the vast majority of cereals are not infected by viruses normally infecting dicots under natural conditions, we employed a large set of antisera against commercially significant cereal viruses when analysing D. antarctica plant samples in ELISA (see 'Materials and methods'). Unexpectedly, when using DAS-ELISA with a number of cereal virus-specific antisera, we were unable to detect any pathogen from the range used (data not shown (Fig. 3) . Positive ELISA results had also been shown in these samples screened for TSWV; however, OD 405 nm values for this pathogen appeared to be close to the limits of error threshold. Samples from Galindez Island were shown to be positive for CGMMV only. TMV has not been detected in D. antarctica plants. Intriguingly, cereal plants not normally susceptible hosts for dicot viruses were shown to contain antigens of CMV, CGMMV and presumably TSWV.
Reasons for this are speculative. CMV is known for its very wide host range including monocotyledonous representatives (but not cereals). TSWV is also well fit to a vast number of plant species belonging to evolutionary diverse taxa. CGMMV, however, is characterized by a rather narrow range of host plants, infecting only dicots of the families Chenopodiaceae, Cucurbitaceae and Solanaceae (van Regenmortel et al., 2000) . Hence, how these pathogens could invade a nontypical plant species remains unanswered. We also do not yet know whether these viruses replicate in this host.
The potyviruses and cucumoviruses provide good examples of pathogens invading both monocotyledonous and dicotyledonous hosts. Having common organization of their genomes, both potyviruses and cucumoviruses may successfully infect phylogenetically diverse plant species (van Regenmortel et al., 2000) , which suggests that cell environment and plant anatomy may perhaps not be the factors limiting virus spread. The other illustrative example is Barley stripe mosaic virus, genus Hordeivirus, which infects both monocots (including cereals) and dicots in nature, and is extensively used as an expression vector for both groups of plants (Joshi et al., 1990; Torrance et al., 2006) .
Another question is how two comparatively unrelated plant viruses (or similar pathogens) with diverse biological traits could reach Antarctica. One of these viruses, CGMMV, is common to greenhouses; the other, TSWV, is rather unstable outside its host without reliable means of transmission. How these pathogens survive and possibly replicate in the unfavourable conditions of Antarctica, as well as how they find susceptible hosts, remain elusive.
In order to confirm positive ELISA results shown in mosses for TMV, and in D. antarctica for CMV, CGMMV and TSWV, a bioassay was utilized in which the detected virus was considered to be passed to a susceptible indicator plant with subsequent development of visual symptoms.
To check the infectivity of TMV detected using ELISA in mosses, we utilized Nicotiana tabacum cv. Immune 580 as a local lesion host (for details on indicator plant species used, see Materials and methods). In contrast to mock-inoculated plants, small TMV-characteristic necroses appeared on the leaves of inoculated tobaccos by 30 dpi, whereas common TMV strain U1 induces necroses on this tobacco cultivar by 5-7 dpi (data not shown). Such a delay in the onset of virusspecific symptoms might be explained by the necessity of virus adaptation to the new host. However, the symptoms developed were typical for TMV disease in this plant. Inoculation of Cucumis sativus plants with D. antarctica sap previously shown to be positive for CMV, CGMMV and, presumably, TSWV invoked the appearance of yellow spots which further developed into necroses by 15-17 dpi (Fig. 4) . The invoked symptoms were similar in appearance to the CMV-induced disease in cucumbers. Mock-inoculated plants did not develop any visual symptoms.
Yellow areas of infected leaves from experimental and control plants were incised and analysed via ELISA for CMV infection to confirm the successful passage of the virus. The results demonstrated the presence of CMV (or CMV-like) antigens in the sap of inoculated symptomatic cucumber plants (data not shown), in contrast to mock-inoculated plants. However, the analysis was not quantitative and did not allow us to draw any conclusions regarding the intensity of virus replication.
The bioassay results thus, although insufficient, partially confirmed the ELISA data obtained for mosses and D. antarctica, as the inoculated plants produce typical virusspecific symptoms.
In addition, we carried out a series of electron microscopy studies. Unfortunately, results from TEM for mosses were unclear owing to the inability to achieve a preparation of the required purity. In the cleared D. antarctica sap, however, previously shown by ELISA to contain plant virus antigens of CMV, CGMMV and TSWV (or related viruses), we were able to show the presence of spherical particles about 85-90 nm in size similar to TSWV (Fig. 5) . These virus-like particles were scarce in the preparations and were registered only occasionally (typically 1-2 particles per field of view). The particles demonstrated in Fig. 5 were the only morphotype present in sample preparations for TEM. Hence, ELISA results for CMV and CGMMV were not confirmed in our TEM studies.
Three comparatively independent datasets suggest that mosses and the cereal plant D. antarctica do contain antigens of viruses normally infecting higher dicotyledonous plants -TMV and CGMMV in mosses, and CMV, CGMMV and TSWV in D. antarctica. However surprising these results appear, the ELISA data were reliable. The results were partially confirmed by bioassay tests and electron microscopy. Further sampling will enable us to double-check these results and conduct the thorough monitoring of plant virus spread with time.
Investigation of plant viruses in Antarctic ecosystems is presently focused on reaching two main targets: (1) understanding means and ways of plant virus spread and evolution, and (2) controlling development of plant virus infections in Antarctic conditions for preserving biodiversity of endemic plant populations. Monitoring of plant viruses in Antarctica should include their diagnostics, establishing sources of virus infection emergence and distribution, and study of virus circulation in the plant-soil-water system, including virus-vector relationships. Means of plant virus appearance in Antarctica remain obscure. The viruses are probably brought by humans, migrating birds and invertebrates. They could also have reached plant populations from the deep layers of permafrost where they could have been preserved for long periods. Hypothetically, viruses could also be endemic, and may circle periodically among living plants. However, in this particular case, it is surprising that they can support their own populations given the complete absence of known susceptible hosts at this locality.
